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Abstract 
In order to facilitate the first approach to the integration of solar thermal energy into district heating systems, an online 
calculation tool was developed by Solites. Based on more than a 100 000 TRNSYS simulation results, the tool allows its users to 
perform a first calculation of the dimensioning and economics of a solar district heating plant for different climates in Europe. 
Two configurations are available: central solar heating plant with heat storage and distributed solar district heating plant. The 
performance values of the user-defined plant are obtained by multi-linear interpolation between the outputs of the TRNSYS 
simulations. The economical and energy saving results are deduced from the calculated performance values. Moreover, the 
process of running a high number of simulations allowed a good analysis of the impact of the variation of the parameters on the 
system performance. 
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1. Introduction 
In order to facilitate the first approach to the integration of solar thermal energy into district heating systems, an 
online calculation tool was developed by Solites. The tool is based on multi-linear interpolation of the results of two 
reference TRNSYS simulation models, within which the parameters most relevant for the performance of the plant 
have been varied. First the paper will describe the reference simulations as well as the development stages of the 
tool and its possibilities. Then, some of the conclusions of the global analysis of the whole set of data obtained from 
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the high number of simulations will be presented.  
2. Development of the online tool 
2.1. Reference simulations 
Two configurations are available: central solar heating plant with heat storage and distributed solar district 
heating plant. 
The central solar heating plant is composed of a large collector field feeding into a tank thermal energy storage 
situated at the main heating central of the district heating system (see Figure 1). The pumps on the primary side and 
on the secondary side of the solar heat exchanger are matched-flow regulated. 
 
Fig. 1. Central solar district heating system. 
When the solar plant produces heat, but there is no heat demand, it is fed into the storage. Depending on the 
temperature in the storage and the temperature coming from the collectors, the heat can be fed in at the top or in the 
middle of the storage. In the time periods when the solar plant produces heat and heat demand occurs at the same 
time, ‘pre-heating’ is possible, meaning the solar heat feeds directly into the main heating station, and not through 
the storage. An auxiliary heat source supplements the solar heating plant in order to cover the total heat demand. 
The heat demand is obtained via TRNSYS simulation of average buildings connected by a distribution net, taking 
into account the hot water demand resulting from a DHWCalc [1] calculation. A reference heat demand file has 
been created for each location in order to take into account the variation of building’s heat demand under different 
climate conditions. In the simulation model, a scaling factor is applied to the reference flow rates and operation 
temperatures according to the total heat demand and operation temperatures simulated. Figure 2 represents the 
monthly reference heat demand for Frankfurt, DE. 
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Fig. 2. Monthly heat demand for a model net of 50 buildings in Frankfurt. Tsupply and Treturn are the supply and return temperatures of the district 
heating net in °C. 
In the configuration of the distributed solar heating plant, no specific heat demand profile is defined and the solar 
heating plant feeds into a theoretically infinite net as much heat as it produces at the set temperature (see Figure 3). 
The solar plant feeds into the supply pipe of the net, implying a minimal set temperature of 70 °C for low-
temperature nets and up to 110°C for high-temperature nets. Both pumps on the primary side and secondary side of 
the solar heat exchanger are matched-flow regulated. 
Fig. 3. Distributed solar district heating system. 
2.2. Choice of parameters and variation range 
The aim of the tool is to allow a first calculation of the dimensioning of solar district heating systems. In order to 
obtain immediate calculation results, the number of parameters that the user can specify had to be significantly 
reduced compared to a TRNSYS simulation. Only the parameters most relevant for the performance of the system 
were selected to be variable, all others have been defined as constants in the TRNSYS reference simulation models. 
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In order to obtain the complete database, following values have been simulated for each parameter:  
 
x Collector type: flat-plate (FP), high temperature flat-plate (HTFP), evacuated tube without compound parabolic 
concentrator (ET), evacuated tube with compound parabolic concentrator (ET-CPC). Table 1 recapitulates the 
collector efficiency parameters as they were defined in the simulations. 
Table 1. Collector efficiency parameters and technical characteristics related to aperture area of the different collector types 
as defined in the reference simulations. 
 η0 a1 [W/m²K] a2 [W/m²K] Ceff [kJ/m²K] V [l/m²] 
FP 0.8 3.4 0.11 3.8 0.84 
HTFP 0.78 2.6 0 6.8 0.53 
ET 0.71 1.25 0.0045 2.45 0.4 
ET-CPC 0.64 0.75 0.005 9.2 0.73 
 
η0: zero-loss collector efficiency 
a1: heat loss coefficient of the solar collector 
a2: temperature dependence of the heat loss coefficient  
Ceff: effective thermal capacity 
V: specific volume of fluid in the collector  
 
x Net operation temperatures: for the distributed version, all nine combinations of winter/summer supply 
temperatures (Tws/Tss) and winter/summer return temperatures (Twr/Tsr) presented in Table 2 were simulated:  
Table 2. Supply and return temperatures simulated. 
Supply Return 
Tws/Tss Twr/Tsr 
100/80 30/40 
90/70 40/50 
70/70 50/60 
 
Moreover, the combinations 110/90/60/70 and 100/80/60/70 were simulated for high-temperature nets. For the 
central system, following combinations of supply temperature/return temperature were simulated: 60/30, 70/40, 
80/50, 90/60. 
 
x Climate: three climates were simulated in Germany: Würzburg as favorable, Frankfurt as average climate and 
Hamburg as less favorable climate [2]. Three more climates were simulated to cover most of Europe : Stockholm 
(SE), Milan (IT), and Barcelona (ES).  
 
For the following parameters, a specific number of steps were simulated to cover the widest possible range. 
However, the user can specify in the tool any value between the first and last one simulated (see 2.3). 
 
x Collector area, azimuth and slope for the distributed system: the values simulated for the distributed system are 
presented in Table 3. The collector azimuth is considered with reference 0° equivalent to south direction. The 
collector slope represents the slope of the collector plane against horizontal. 
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Table 3. Values simulated for the collector area, azimuth and slope in the distributed system reference simulation. 
Distributed 
Parameter Steps Unit 
Collector area 100-200-500-1000-2000-5000-
10000-20000-50000 
m² 
Collector azimuth (-45) - (-30)  - (-15) - 0 - 15 - 30 - 45 ° 
Collector slope 15 – 30 – 45 - 60 ° 
 
x Collector area, azimuth and slope for the central system: the values simulated for the central system are presented 
in Table 4.  
 
x Specific storage volume for the central system: the specific storage volume is defined as the whole storage 
volume related to the collector area. Values simulated are given in Table 4. 
 
x Specific yearly heat demand: the specific yearly heat demand is defined as the total yearly heat demand of the net 
related to the collector area. Values simulated are given in Table 4. 
 
Table 4. Values simulated for five of the parameters in the central system reference simulation. 
Central 
Parameter Steps Unit 
Collector area 100-350-1200-4300-15000-50000 m² 
Collector azimuth (-45) - (-30)  - (-15) - 0 - 15 - 30 - 45 ° 
Collector slope 15 – 30 – 45  ° 
Specific storage 
volume 
0.05 - 0.15 - 0.4 - 1.1 - 3 m³/m² 
Specific yearly heat 
demand 
200 - 500 - 1500 - 4000 - 10000 kWh/m² 
 
For the distributed system, the parameter list given above resulted in 72 576 simulations being performed. For the 
central system, due to the two additional parameters and even taking into account the restrictions on the number of 
values of the parameters, 302 400 simulations would have had to be performed. In order to reduce this amount, some 
configurations, considered not realistic, were not simulated. For example, with a collector area of 100 m², only 
specific storage sizes up to 0.4 m³/m² are considered. This reduced the number of simulations down to 145 152.  
2.3. Multi-linear interpolation in the online tool 
The performance values of the user-defined plant are obtained by multi-linear interpolation [3] of the outputs of 
the TRNSYS simulations in order to limit the calculation time. In the end, the user can choose any value between 
the first and the last value simulated and discrete values for climates, collector types and operation temperatures. If 
the combination of choices is not available due to the restrictions on the central system, it is indicated and explained 
to the user. 
2.4. Economics and energy savings 
The economical and energy savings results are deduced from the performance calculated. The economical 
calculations are performed according to VDI 2067 [5] and take the main components of the systems into account.  
The specific collector plant cost is the cost considered for the construction of the entire solar plant, including 
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internal pipes, related to the collector area in €/m². Concerning the central system, the specific storage cost is the 
cost of the tank thermal energy storage construction, related to the storage volume in €/m³ and the specific auxiliary 
boiler cost is the cost of the auxiliary boiler, related to the boiler’s power in €/kW. Default values for these costs are 
defined in the tool as functions of the size and type of these components. However, the user can specify his own 
values. 
The specific connecting pipes cost is the cost of the piping from the main heating station to the collector field and 
back related to the total pipe length in  €/m. In the central system the connecting pipes cost is considered in the 
components cost. In the distributed system, it is considered that the collector field is built close to the point where it 
feeds into the net and the connecting pipes cost is taken into account as an additional percentage of the collector 
field cost. It has a constant default value but can also be defined by the user. 
In the same way, the interest rate, the electricity cost and auxiliary fuel cost can be specified by the user. 
However default values are also available for these parameters. On the one hand, the possibility of definition by the 
user allows flexibility in the economical calculation, which is necessary because of the wide range of costs for 
components and fuels in Europe. On the other hand, the default values simplify the tool’s use in a first approach.   
Another interesting information for the user is the environmental benefit of building a solar plant feeding into a 
district heating net. Two indicators can be calculated: the CO2 equivalent emissions avoided and the primary energy 
saving rate. A fuel of reference must therefore be defined as comparison point, being practically the energy source 
that would have been used to produce the heat instead of solar thermal energy. Gas, biomass, coal, oil and electricity 
are the choices available. The primary energy factors and CO2 equivalent emission factors are defined in [5].The 
efficiency rate of the virtual reference boiler for this fuel of reference has a default value of 0.9 but can be specified 
by the user.  
In the case of the distributed system, the net is not considered for economical calculation. It is therefore assumed 
that all the solar heat fed into the net replaces heat that would otherwise have been produced by the energy of 
reference. As solar thermal energy is considered having a primary energy factor of zero [6], the primary energy 
saving rate would be 100%. Hence, only the CO2 equivalent emissions avoided are calculated in the tool to give an 
indication of the environmental benefit. The CO2 equivalent emission factor of solar energy calculated with is 
69.029 g/kWhfinal energy [6].  
In the case of the central system, two different fuels have to be considered: the reference fuel as defined for the 
distributed system and the auxiliary fuel used by the auxiliary boiler (see Figure 1). Also for this auxiliary boiler, the 
efficiency rate has a default value of 0.9 but can be specified by the user. 
The two indicators are calculated according to the following formulas (1) and (2):  
 
ܨܲܧ ൌ ͳ െ 
 Ʉൗ ȗǡ
 Ʉൗ ȗǡ
 כ ͳͲͲ                        (1)
 
ʹ ൌ ȀɄ כ ʹǦǡ െ ȀɄȗʹǦǡ൅ȗʹǦǡ   (2) 

CO2eq save:  CO2 equivalent emissions avoided [kg] 
FPE:    Primary energy saving rate in [%] 
fpe, aux:  Primary energy factor of the auxiliary fuel in [MWhprimary energy/MWhfinal energy] 
fpe, ref:  Primary energy factor of the reference fuel in [MWhprimary energy/MWhfinal energy] 
fCO2-eq,aux: CO2 equivalent emission factor of the auxiliary fuel [kg/MWhfinal energy] 
fCO2-eq, ref:  CO2 equivalent emission factor of the reference fuel [kg/MWhfinal energy] 
fCO2-eq, sol:  CO2 equivalent emission factor of solar thermal energy [kg/MWhfinal energy] 
Qaux: Heat produced by the auxiliary fuel yearly [MWh], equals 0 for the distributed system 
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Qheat demand: Total heat delivered to the net yearly [MWh], equals Qsol for the distributed system 
Qsol: Heat produced by the solar plant yearly and delivered to the central station including heat that has been 
stored in the tank thermal energy storage [MWh] 
ηaux:  Efficiency rate of the auxiliary boiler [%] 
ηref: Efficiency rate of the virtual reference boiler [%] 
2.5. Assessment of the tool 
 
This tool allows its users to perform a first online calculation of the dimensioning and economics of a solar 
district heating plant for different system characteristics and different climates in Europe. It offers different levels of 
usage, as many values in the economical and energy savings calculation can be either specified by the user or left as 
pre-defined. Therefore, users having experience in the field of solar district heating will be able to specify the values 
they are usually using for calculations whereas users with less experience or less data available can nevertheless 
perform a first approach calculation, and define those values more precisely once they have received price 
proposals.  
This tool can be extended. For example, more climates could be made available to the users. Only the simulation 
time is a restriction to the number of values simulated for each parameter. 
However, the number of parameters that can be varied by the user is very limited in comparison to the number of 
parameters of the reference TRNSYS simulations. Therefore, the tool does not aim at replacing detailed simulations 
needed for designing a solar district heating system but at simplifying the first approach to these systems.  
3. Analysis of the results 
The results of the TRNSYS simulations realized within the development of this tool can also be considered in 
their entirety. The process of running a high number of simulations allows a good global vision of the impact of the 
variation of these parameters on the system performance. Also, this global analysis allows checking the global 
coherence of the results. This section presents some of the observations that can be made when considering the 
whole set of data. All results presented in this section have been obtained for a collector slope of 45° and a collector 
azimuth of 0°.   
3.1. Performance of the system 
Figure 4 presents the solar heat delivered to the net in the case of the distributed system for different locations, 
collector types and operation temperatures.  
The distributed system as it was simulated here and described in 2.1, feeds into the supply pipe of the net. 
Therefore, the set temperature is relatively high compared to a distributed system feeding in the return pipe of the 
net. Such a system, feeding in the net at return temperature, could bring 20 to 30 % more solar heat to the net but 
increase the return temperature of the net. 
It can be observed that the evacuated tube collector types are more robust regarding high net operation 
temperatures. With the adequate collector type, between 300 and 500 MWh can be delivered to the net in mid and 
northern Europe and between 400 and 850 in the part of southern Europe where district heating systems are in 
operation. 
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Fig.4. Solar heat delivered to the net by the distributed system for 1000 m² collector area and different combinations of operation temperatures 
(Tsupply, winter/Tsupply, summer/Treturn, winter/Treturn, summer), for each location and collector type. See 2.2 for collector types definitions.  
 
Fig. 5. Evolution of the solar fraction and the solar plant efficiency related to increasing collector area pro MWh yearly heat demand for the 
central system in two different locations and net operation temperatures (Tsupply/Treturn) for    1 200 m². 
 
Figure 5 presents the evolution of the solar fraction and efficiency of the solar system with increasing specific 
collector area to yearly heat demand ratio under conditions described in Table 4: 
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Table 5. Values of the parameters as defined to obtain the results presented in Figure 5. See 2.2 for collector types 
definitions. 
System Central 
Collector type ETC-CPC 
Collector area 1200 m² 
Collector azimuth 0° 
Collector slope 45° 
Specific storage size 0.4 m³/m² 
 
 
The solar fraction is defined as the fraction of heat delivered to the net produced by solar energy:  
ൌ ሺ൅ሻ                        (3) 
 
fsol: Solar fraction  [%] 
Qaux: Heat produced by the auxiliary fuel yearly [MWh] 
Qsol: Heat produced by the solar plant yearly and delivered to the main heating central including heat that has been 
stored in the tank thermal energy storage [MWh] 
The solar plant efficiency is defined as:  
Ʉൌ 
       (4)
ηsol: Solar plant efficiency [%] 
Qcoll: Heat produced by the solar plant at the solar heat exchanger yearly [MWh] 
Gt: Global yearly radiation in the collector plane [MWh] 
 
For high collector area to yearly heat demand ratios, the solar fraction of the system increases but the solar plant 
efficiency decreases. Hence, increasing the ratio over a certain value does not improve the solar fraction sufficiently 
to make the additional collector area profitable. This value depends on the system, the location and the 
dimensioning. 
For Barcelona, increasing the collector area to yearly heat demand ratio brings more at first because even if the 
total yearly heat demand is the same for the two locations, the repartition of the load over the year is much more 
constant in Barcelona, meaning more heat demand in summer than in Stockholm where the winter/summer heat 
demand variation is really important.  
Finally, it can be observed that the operation temperatures difference has more influence on the system’s 
performance in Stockholm than in Barcelona.  
3.2. Economics 
As described in 2.4, an economical calculation, based on the performance values resulting from the simulations is 
possible. Some values can be specified by the user because the prices that can be obtained on the market still vary 
strongly. Some examples of the solar heat cost calculation allowing an analysis of the influence of the different 
parameters on the solar heat price are presented here. The different specific costs are defined in 2.4. 
Solar district heating systems have been developing really fast in Denmark in the last years. The first example of 
a heat cost calculation is made in the conditions closest to the conditions of a Danish plant. Table 6 presents the 
values chosen for the economical and simulation’s parameters:  
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Table 6. Values of the economical and simulation parameters chosen for the solar heat price calculation in the case of a 
distributed solar district heating system in Denmark. 
System Distributed Interest rate 3%  
Collector area 10 000 m² Additional charge building/terrain 5% of the collector investment cost  
Location Stockholm, SE Additional charge control system 5% of the collector investment cost  
Collector type HT Flat-plate Additional charge system  installations 10% of the collector investment cost  
Tws/Tss/Twr/Tsr 70/70/30/40 Design 7% of the total investment cost without design  
Specific collector cost 180 €/m²    
 
In Denmark, the often ground-mounted collectors and a good market concurrence allow lower cost for large-scale 
collector plants than in other European countries. 
Moreover, Danish district heating operators can benefit from low interest rates between 2 and 3%. Taking these 
particularities into account, the heat price obtained is 45 €/MWh with capital cost, consumption cost and operation 
cost taken into account according to VDI 2067 [4]. 
Apart from the changes indicated, all following examples were calculated with the same values as presented in 
Table 6. Considering the same system in Würzburg, Germany, the specific collector cost and interest rate to take 
into account are higher. Here 6% interest rate and a specific collector cost for high-temperature flat-plate collectors 
at this scale of 246 €/m² are considered. The solar heat cost obtained is 74 €/MWh. Therefore, although Würzburg 
has a slightly higher yearly solar radiation (1229 kWh/m²a) than Stockholm (1204 kWh/m²a), the interest rate and 
collector price have an important influence and the solar heat price obtained is higher for Würzburg.  
However, in Germany this kind of innovative systems are supported. The financial aids that can be obtained 
correspond to an incentive of 40% of the collector cost. Considering this financial aid, a solar heat price of 
44€/MWh can be obtained. 
To analyse the impact of the climate on the economics of a solar district heating system, an example is taken in 
the south of Europe. The same plant is now considered in Barcelona, with an interest rate of 6 %. The solar heat 
price is calculated for two different types of collectors and the highest and lowest operation temperatures. The 
specific collector cost is considered 246 €/m²and no incentive is taken into account. The results are presented in 
Table 6. 
Table 7. Solar heat cost obtained for different collector types and net operation temperatures in the case of a distributed solar 
heating system in Barcelona, ES (see 2.2 for collector types definitions and net operation temperatures definitions). 
 70/70/30/40 110/90/60/70 
HTFP 41.6 €/MWh 53.3 €/MWh 
ET-CPC 51.1 €/MWh 59.4 €/MWh 
 
It can be observed that the very good performance of the plant located in Barcelona, where the yearly radiation in 
the collector plane is much higher (1781 kWh/m²a), allow obtaining low solar heat cost even for the highest net 
temperatures.  
Finally a solar heat price calculation is given for the central system (see Figure 1). Table 8 presents the values 
chosen for the economical and simulation’s parameters:  
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Table 8. Values of the economical and simulation parameters chosen for the solar heat price calculation in the case of a 
central solar district heating system in Würzburg, DE. 
System Central Specific storage cost 93 €/m³  
Collector area 10 000 m² Specific cost of additional boiler 58 €/kW  
Location Würzburg, DE Specific connecting pipes cost 300 €/m²  
Collector type HT Flat-plate Interest rate 6 %  
Specific storage volume 2 m³/m² Additional charge 
building/system installations 
12% of the components investment cost  
Total yearly heat demand 5 000 MWh Additional charge control system 8% of the components investment cost  
Ts/Tr 70/40 °C Design 10% of the total   
Specific collector cost 246 €/m² Financial support 40% of the collector cost and complete storage 
cost (up to 250 €/m³ storage possible) 
 
 
A solar heat price of 75 €/MWh is obtained and a solar fraction of 49 % of the yearly total heat demand. In 
comparison to a system only powered with gas with an efficiency rate of 0.9, this represents a primary energy saving 
rate of 49.2 % and 508 tons CO2-eq emissions yearly avoided. Of course, the solar heat is more expensive than for 
the distributed system, but the distributed system without storage does not allow such a high solar fraction in the net. 
The solar heat price has here to be compared to other systems allowing comparable environmental performance. 
3.3. Conclusion 
The development of the online tool presented above implied running a high number of TRNSYS simulations, 
varying step by step the parameters having the most influence on the systems performance. This allowed first a 
global overview of the two systems potential for different configurations of parameters as presented here for the 
distributed system. Secondly, it allowed more precise analyses of the influence of one particular parameter as 
presented for the central system and the influence of the specific collector area to yearly total heat demand ratio. 
Concerning the economical and environmental calculations possible in the tool, the fact that the most important 
values can be specified by the user himself allows the tool to adapt to a wide range of different economical 
situations. As it was demonstrated through the different examples of economical calculation, this flexibility is 
important because the economical circumstances vary a lot on the European market and have a large impact on the 
solar heat cost obtained. 
4. Perspectives 
The beta-version of the tool will be online soon at www.sdh-online.solites.de, feedback from users will be very 
welcome.  
As mentioned, the tool’s structure allows it to evolve and extend the number possibilities for the user.  Following 
the same development method as described above, Solites plans to add other types of solar district heating systems 
to the tool for example including a heat pump or borehole thermal heat storage. 
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